In this study, the eect of martensite volume fraction on ductile to brittle transition of microalloyed steel joined by welding was investigated. Triple phase steel contains ferrite, perlite and martensite phases and was joined by two types of welding method as gas metal arc welding and the electric arc welding. Presence of three phases in adjacent to each other was conrmed by metallographic analysis and scanning electron microscopy studies. All welded samples were exposed to Charpy impact test at the temperature range of −30
In this study, the eect of martensite volume fraction on ductile to brittle transition of microalloyed steel joined by welding was investigated. Triple phase steel contains ferrite, perlite and martensite phases and was joined by two types of welding method as gas metal arc welding and the electric arc welding. Presence of three phases in adjacent to each other was conrmed by metallographic analysis and scanning electron microscopy studies. All welded samples were exposed to Charpy impact test at the temperature range of −30
• C to 30
• C in order to measure the fracture energies of samples having dierent amount of martensite volume fractions. The fracture surface micrographs of Charpy specimens, examined by scanning electron microscopy and optical microscopy, conrmed the reduction in ductility of ferriteperlitemartensite steels with increasing martensite volume fraction. In view of their capacity to develop high strength following limited alloying and ease of processing, medium carbon microalloyed steels are very cost-eective compared with quenched and tempered steels for the production of automotive components. To be able to substitute quenched and tempered steels, medium carbon microalloyed steels must be processed to similar strength levels and acceptable toughness [1] . To increase toughness, the carbon level of the medium carbon microalloyed steels is reduced and the decrease in strength due to a reduction in the carbon level is compensated by the addition of Mn and Si. A further increase in strength is achieved by the precipitation strengthening through microalloying with vanadium [2] .
Recently, a two-step cooling and annealing treatment was developed to produce multiphase (ferritebainite martensite) microstructures that displayed tensile properties similar to those of quenched and tempered steels. It was reported that a decrease in the nal formation temperature led to a ner grain size (benecial for toughness) and also promoted the formation of ferrite [2, 3] .
The room temperature cyclic stressstrain and low cycle fatigue behaviour of this material having multiphase (ferritebainitemartensite) microstructure was established and compared with that of the ferritepearlite and the tempered martensite microstructures. Despite the observed cyclic strain softening, the ferritebainite martensite microstructure was cyclically stronger than the tempered martensite and the ferriteperlite microstructures. When plotted against the total strain amplitude (∆ε t /2), the low cycle fatigue lives were rather similar for all the three microstructures [4] . In present study, micro-alloyed steels were tried to join by two different welding methods namely gas metal arc welding (GMAW) and the electric arc welding by using dierent ller materials, and the fracture energy properties of butt welded specimens were measured by destructive tests.
Experimental studies
Triple phase ferriteperlitemartensite steel was selected as base metal at the beginning of this study, because triple phase ferriteperlitemartensite steels have good welding ability and are commonly used in industry. Two types of welding methods were applied in order to compare the eciencies of welding operations. The chemical composition of base metal triple phase ferrite perlitemartensite steels and all ller materials used in experiments were given in Table I . Two types of welding methods welding parameters were given in Table II.   TABLE I The chemical compositions of base metal and ller materials used in experiments (wt%). GMAW and electric arc welding were applied to triple phase ferriteperlitemartensite steels and butt welded specimens were exposed to Charpy impact test at the (529) • C in order to measure the fracture energies of samples having dierent amount of martensite volume fractions. The obtained results were shown in Fig. 1 . GMAW values are higher than that of arc welding ones. GMAW group specimens have the highest fracture energies values, but of course these values are also lower than that of base metal's which was not exposed to welding. The hardness (HRC) values of butt welded specimens were measured from nine dierent points. The mean values of two measurements in all group specimens were shown in Fig. 2 . The highest hardness values were gained in electric arc welded specimens and hardness values of base metal group specimens have the lowest values. The hardness increases from base metal to heat aected zone (HAZ) and reaches the maximum values in weld zone. This tendency was seen in all specimens. Martensite volume fraction and microstructures of all specimens detected with optical microscope are given in Fig. 3 and Fig. 4 , respectively. 
Conclusion
It was concluded from this study that GMAW gas composition with 15% CO 2 + 85% Ar by means of ER 100 SG ller wire must be selected in order to obtain the fracture energy and optimum hardness and ductility values in joining of micro-alloyed steels. In general, it can be said that the fracture energies for each sample by looking at the work areas are generally between 0
• C to + 30
• C to determine. Electric arc welding method should not be preferred, because welding faults like gas hole and slag formation can occur as seen in SEM photos and lower strength values were obtained.
